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Background and Objectives The purpose of this study is to investigate the vocal develop-
ment in toddlers with simultaneous bilateral cochlear implants (bilateral CI group) and to
compare their progress to that of chronological age-matched (CA group) and hearing age-
matched (HA group) toddlers who have normal hearing and typical development.
Subjects and Method Thirteen toddlers who received bilateral Cls simultaneously before
18 months of age participated in this study. Twenty-six toddlers participated as the control
groups (CA group and HA group). The spontaneous utterances were collected from each tod-
dler during free play with their parents in the laboratory. A total of 2324 spontaneous utter-
ances of 39 toddlers (13 toddlers in each of the three groups) were classified as either canoni-
cal vocalizations or noncanonical vocalizations.
Results The bilateral CI group produced significantly fewer canonical vocalizations than the
CA group. However, there was not a significant difference in the ratio of canonical vocaliza-
tions between the CI and the CA groups. There were no significant differences in the frequen-
cy and ratio of canonical vocalization between the CI and HA groups. In the CI group, the fre-
quency of canonical and noncanonical vocalizations was significantly correlated with
receptive and expressive language scores.
Conclusion The findings of this study showed that toddlers with bilateral CIs make good
advancements in vocal development compared to toddlers with normal hearing. However, tod-
dlers with bilateral CIs seem to produce an insufficient quantity of canonical vocalizations
compared to age-matched hearing toddlers. Information about vocal development following
simultaneous bilateral CI helps speech therapists and parents recognize speech development
before the use of intelligible speech in communication.
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Table 1. Information of participants
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o], FaE o] gt AFEHA SR thFH| i (multiple com-
parison)”} BL3F Lol A 279 F71E HAsY|
HOH Bonferroni correctiong -85}, 412 F24 7]
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Characteristics HA (n=13) Cl (n=13) CA (n=13)

Chronological age (month) 12.85+2.30 22.31+2.81 22.32+3.03
Age at implantations (month) 8.92+2.25
Duration of implant use (month) 13.15+3.36
Age of starting habilitation (month) 8.54+3.59
SELSI

Receptive language 29.15+14.06 33.92+12.11 48.38+9.12

Expressive language 24.23+5.85 28.54+13.30 43.62+11.64

Values are presented as mean =+ standard deviation. HA, hearing age-matched group; ClI, simultaneous bilateral cochlear im-
plant group; CA, chronological age-matched group; SELSI, Sequenced Language Scale for Infants

Table 2. Operational definitions of Infant’s vocalization types

Infant’s vocalization types

Operational definition

Non-canonical vocalizations
Quasi vowel

Sound that is not accompanied by articulation organ movement with

incomplete or complete resonance and cannot be transcribed to adult

vowels
Vowel

Series of vowels without formant transition

Series of vowels with formant transition
successively
Glottal stop

Marginal babbling

A single vowel that can be transcribed to an adult vowel
A vocalization in which the same vowel is repeatedly produced
A vocalization in which two or more different types of vowels are produced

As unvoiced sound, stop sounds in the glottis

Vocalization can be transcribed to adult speech, a continuum of

consonant-like sounds and vowel-like sounds (formant transition between
consonant-like sounds and vowel-like is more than 120 ms)

Canonical vocalizations
Series of vowel with glide
successively
Canonical babbling

A vocalization in which two or more vowels with glide are produced

Vocalization can be transcribed to adult speech, with a syllable structure that

combines consonants and vowels (formant transition between consonant-like
sounds and vowel-like is less than 120 ms)

Jargon

Vocalization is a complex syllable structure of three or more syllables

containing two or more different consonants and vowels, with accents and
phonetic variations
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Fig. 1. The frequency of canonical vocalization between three groups (A) and the frequency of non-canonical vocalization between three
groups (B). There were significant differences in the frequency of canonical vocalizations between the Cl and the CA groups and between
the HA and the CA groups. There was no significant difference in the frequency of noncanonical vocalizations between the three groups.
Values are mean and standard error. *p<0.0167. Cl, simultaneous bilateral cochlear implant group; HA, hearing age-matched group; CA,

chronological age-matched group.
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Fig. 2. The frequency of canonical babbling between three groups (A) and the frequency of jargon between three groups (B). There were
significant differences in the frequency of canonical babbling and jargon between the HA and the CA groups. Values are mean and stan-
dard error. *p<0.0167. Cl, simultaneous bilateral cochlear implant group; HA, hearing age-matched group; CA, chronological age-

matched group.
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Fig. 4. Relationships between the frequency of canonical vocalization and expressive language scores (r=733, p=0.004) (A) and recep-
tive language scores (r=644, p=0.018) (B) in simultaneous bilateral cochlear implant groups.
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Fig. 5. Relationships between the frequency of non-canonical vocalization and expressive language (r=826, p=0.001) (A) and receptive
language (r=789, p=0.001) (B) in simultaneous bilateral cochlear implant groups.
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